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(57) ABSTRACT

Animage sensing device includes: a semiconductor substrate
with a photo-sensing element; a passive layer disposed over
the semiconductor substrate, having a first refractive index; a
color pattern disposed over the passive layer, wherein the
color pattern aligns to the photo-sensing element and has a
color selected from the group consisting of red (R), green (G),
blue (B), and white (W), and a second refractive index; and an
electromagnetic wave guiding element disposed in at least
one of the color pattern and the passive layer, having a third
refractive index, and the third refractive index is greater than
the first refractive index or the second refractive index, and a
first difference between the third refractive index and the first
refractive index is at least 0.2, and a second difference
between the third refractive index and the second refractive
index is at least 0.2.

21 Claims, 15 Drawing Sheets

257/292
2007/0187793 Al* 82007 Moon .............. GO02B 5/201
R
LR R
f i ) 1 160
¥

116 110

/

116 112 116 114
Lo




US 9,293,488 B2

Sheet 1 of 15

Mar. 22, 2016

U.S. Patent

¢ DId

7T
@Mw @mm (41! @QM @E




US 9,293,488 B2

Sheet 2 of 15

Mar. 22, 2016

U.S. Patent

v DId

o g . 7 va & m? = . W—.
4 £ .« /
w { i j

s \ 1
PLL 051 C11 901 011

PIT 911 TIt mWM 01T 911

i ] / §

i i ! N
[ i |
o R S

=



US 9,293,488 B2

Sheet 3 of 15

Mar. 22, 2016

U.S. Patent

9 DId ¢ DIA

KA
SPe Ve 5
=y . ! ; b
W SRS
&

{ x. {

4

v11 0ST Z11 ¥01 ©

%
/
{
I

i

_m [

FT

$11 911 ZIT 91T OI1 911

007 | | |

h
!
5 S



US 9,293,488 B2

Sheet 4 of 15

Mar. 22, 2016

U.S. Patent

8 DId L DI

201 4
POT -4

0T

£ - w,./, a

{ / i \ {
Eﬁamwmﬁv@,meﬁ

j { M u {
.w? 91l 211 9I1 Of11 911

}

! ;
f ] 7 i
[ [ [
S S s

_
001



US 9,293,488 B2

Sheet 5 of 15

Mar. 22, 2016

U.S. Patent

01 DI4

w, \ ; ,,.J... a

$11 0ST TIT %01 OI1

[ (7 (T

PIT 91T 11 911 011 911

{

0oL | M, ; W,




US 9,293,488 B2

Sheet 6 of 15

Mar. 22, 2016

U.S. Patent

¢l DI4

.H R
{ m. b \ {
i1 061 CIT $01 O

PIL 911 211 91t OI1 911

001 | f W



US 9,293,488 B2

Sheet 7 of 15

Mar. 22, 2016

U.S. Patent

1 DId

F4 1 A | §

m B
e —+

okl g Wy
AN &
g S

m[..Kl |

i

0

L v
™,

I ZIT ¥0T Ol

(o g
e

¢l DId

301 Wil
|
|

e

v t

vil 91t mmw 911 01T 911




US 9,293,488 B2

91 "DId

Sheet 8 of 15

Mar. 22, 2016

U.S. Patent

mw ,,,,,,.... .w,
S1 Z11 $01 Ol

\

f [ { ~ 4
P11 911 21T 911 011 91

i { ; }
001§ M ;

(
S




US 9,293,488 B2

Sheet 9 of 15

Mar. 22, 2016

U.S. Patent

81 DId

, v 7 N w,
/

{ { \ |
PIT 061 T11 $OT O11

* | m m i ' '
P11 911 <C1t 91t OI@ 9ll




US 9,293,488 B2

Sheet 10 of 15

Mar. 22, 2016

U.S. Patent

0C DId 61 "DId

7 — 3
Y; , N
/ M, ) {

$IT OST ZTIT +01 oOI1

.w? @?, ZIT 911 011 911
[ ; 1

r !
) )

=N

amaRann



US 9,293,488 B2

Sheet 11 of 15

Mar. 22, 2016

U.S. Patent

¢ DIA 1¢ DId
901 801
3 ﬁ
| w W_
701 - { /
T M
0ST-7 7
M / { 3 {
PIT 0ST TIT $01 OIT \ __ _m, |
| P L
p 1T 911 TIT 911 OI1 911
L
001 | — W m




US 9,293,488 B2

Sheet 12 of 15

Mar. 22, 2016

U.S. Patent

V< DId

m / (000 M.
YIL Ost CHD $01 OI1

vIT 911 ZIT 911 011 @WM

001} .m !



US 9,293,488 B2

Sheet 13 of 15

Mar. 22, 2016

U.S. Patent

[ D [

PIT 910 CIT 911 011 911 061




US 9,293,488 B2

Sheet 14 of 15

Mar. 22, 2016

U.S. Patent

97 'OIA

PRSI
REE:A IR AR AR: SRR
o|lolg|p Diolgalo
dlg|o/9| 9|90y
piojlg|{nio|p gD
49 |o|¥lulaloly
olojga|D|oiola o
ylga oluju|ainl|y
o o alo oinlalo]
/ N
00€ 007



US 9,293,488 B2

Sheet 15 of 15

Mar. 22, 2016

U.S. Patent

LT Dld

_);D

M

M

D

M

Aol I << N~ I -

salll SN <A B G I = i} Q<4

M

.

mled || O|m| |

O | Ml Olmm

.mv :

R

o

H

00t

e

007



US 9,293,488 B2

1
IMAGE SENSING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to image sensing devices, and
more particularly to an image sensing device having reduced
energy dispersal taking place between adjacent pixels.

2. Description of the Related Art

Image sensing devices are necessary components in many
optoelectronic devices, including digital cameras, cellular
phones, and toys. Conventional sensing devices include both
charge coupled device (CCD) image sensors and complemen-
tary metal oxide semiconductor (CMOS) image sensors.

Animage sensing device typically includes a plane array of
pixel cells, wherein each pixel cell comprises a photogate, a
photoconductor or a photodiode having a doped region for
accumulating a photo-generated charge. A periodic pattern of
dyes of different colors such as red (R), green (G), or blue (B)
is superimposed over the plane array of pixel cells. This
pattern is known as a color filter array (CFA). A plurality of
microlenses of a square or a circular shape can be optionally
superimposed over the color filter array (CFA) to focus light
onto one initial charge accumulation region of each of the
pixel cells. Using the microlenses may significantly improve
the photosensitivity of the image sensor.

However, due to the trend of reducing the size of the pixel
cells in image sensing devices, the energy (i.e. electromag-
netic wave) of incident light passes through the microlens and
focuses at the center of one of the pixels, which may thus
disperse or refract into a pixel adjacent thereto, thereby caus-
ing a malfunction and a reduction of the sensitivity of the
pixel cells in the image sensing device.

BRIEF SUMMARY OF THE INVENTION

Accordingly, image sensing devices are provided to elimi-
nate or reduce the malfunctions and reductions of the sensi-
tivity of the pixel cells of the image sensing device caused by
the energy (i.e. electromagnetic wave) dispersal of incident
light which can happen between adjacent pixels in image
sensing devices.

An exemplary image sensing device comprises: a semicon-
ductor substrate with a photo-sensing element and a passive
layer disposed over the semiconductor substrate, having a
first refractive index. A color pattern is disposed over the
passive layer, wherein the color pattern aligns to the photo-
sensing element and has a color selected from the group
consisting ofred (R), green (G), blue (B), and white (W), and
a second refractive index. An electromagnetic wave guiding
element is disposed in at least one of the color pattern and the
passive layer, wherein the electromagnetic wave guiding ele-
ment has a third refractive index, and the third refractive index
is greater than the first refractive index or the second refrac-
tive index, and a first difference between the third refractive
index and the first refractive index is at least 0.2, and a second
difference between the third refractive index and the second
refractive index is at least 0.2.

In one embodiment, the image sensing device further com-
prises an anti-current leakage layer disposed between the
color pattern and the passive layer, having a fourth refractive
index, and the third refractive index is greater than the fourth
refractive index, with a difference of at least 0.2 therebe-
tween.

In another embodiment, the image sensing device further
comprises an anti-reflection layer disposed between the color
pattern and the passive layer, having a fifth refractive index,
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and the third refractive index is greater than the fourth refrac-
tive index, with a difference of at least 0.2 therebetween.

In yet another embodiment, the image sensing device fur-
ther comprises an under layer disposed between the micro-
lens and the color pattern.

In another embodiment, the image sensing device further
comprises an anti-reflection layer disposed over the micro-
lens.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1 is a schematic cross section showing an image
sensing device according to an embodiment of the invention;

FIG. 2 is a schematic top view showing the image sensing
device in FIG. 1;

FIG. 3 is a schematic cross section showing an image
sensing device according to another embodiment of the
invention;

FIG. 4 is a schematic top view showing the image sensing
device in FIG. 3;

FIG. 5 is a schematic cross section showing an image
sensing device according to yet another embodiment of the
invention;

FIG. 6 is a schematic top view showing the image sensing
device in FIG. 5;

FIG. 7 is a schematic cross section showing an image
sensing device according to another embodiment of the
invention;

FIG. 8 is a schematic top view showing the image sensing
device in FIG. 7,

FIG. 9 is a schematic cross section showing an image
sensing device according to yet another embodiment of the
invention;

FIG. 10 is a schematic top view showing the image sensing
device in FIG. 9;

FIG. 11 is a schematic cross section showing an image
sensing device according to another embodiment of the
invention;

FIG. 12 is a schematic top view showing the image sensing
device in FIG. 11;

FIG. 13 is a schematic cross section showing an image
sensing device according to yet another embodiment of the
invention;

FIG. 14 is a schematic top view showing the image sensing
device in FIG. 13;

FIG. 15 is a schematic cross section showing an image
sensing device according to another embodiment of the
invention;

FIG. 16 is a schematic top view showing the image sensing
device in FIG. 15;

FIG. 17 is a schematic cross section showing an image
sensing device according to yet another embodiment of the
invention;

FIG. 18 is a schematic top view showing the image sensing
device in FIG. 17,

FIG. 19 is a schematic cross section showing an image
sensing device according to another embodiment of the
invention;

FIG. 20 is a schematic top view showing the image sensing
device in FIG. 19;
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FIG. 21 is a schematic cross section showing an image
sensing device according to yet another embodiment of the
invention;

FIG. 22 is a schematic top view showing the image sensing
device in FIG. 21;

FIG. 23 is a schematic cross section showing an image
sensing device according to yet another embodiment of the
invention;

FIG. 24 is a schematic top view showing the image sensing
device in FIG. 23;

FIG. 25 is a schematic cross section showing an image
sensing device according to another embodiment of the
invention;

FIG. 26 is a schematic top view showing a color filter array
for an image sensing device according to an embodiment of
the invention; and

FIG. 27 is a schematic top view showing a color filter array
for an image sensing device according to another embodi-
ment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The following description is of the best-contemplated
mode of carrying out the invention. This description is made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the invention is best determined by reference to the
appended claims.

FIG. 1 is schematic cross section showing an exemplary
image sensing device 100. The image sensing device 100
comprises a semiconductor substrate 102 with a plurality of
photo-sensing elements 104 formed therein, a passive layer
106 with a plurality of light shielding metals 108 formed
therein over the semiconductor substrate 102, a plurality of
electromagnetic-wave guiding elements 150 over the passive
layer 106, a plurality of color patterns 110, 112, and 114 over
the passive layer 106, and a plurality of microlenses 116 over
the color patterns 110, 112, and 114.

As shown in FIG. 1, the semiconductor substrate 102 can
be, for example, a silicon substrate, and the photo-sensing
elements 104 can be, for example, photodiodes separately
formed in the semiconductor substrate 102. The passive layer
106 can be a single layer or a composite layer comprising
dielectric materials (not shown) and conductive elements (not
shown) for forming, for example, interconnect structures (not
shown) between the photo-sensing elements 104 and external
circuits (not shown) but not comprising photo-sensing ele-
ments therein. The light shielding metals 108 in the passive
layer 106 are respectively formed over the semiconductor
substrate 102 at a place not covering the photo-sensing ele-
ments 104 therein, thereby defining light-shielding areas for
shielding the area of the pixel except for the area of the
photo-sensing elements 104 and defining opening areas
exposing the area of the photo-sensing elements 104. In addi-
tion, the electromagnetic-wave guiding elements 150 over the
passive layer 106 are formed over one of the photo-sensing
elements 104 at a place substantially over a central portion of
the one of the photo-sensing elements 104 thereunder.

Moreover, as shown in FIG. 1, the color patterns 110, 112,
and 114 over the passivation layer 106 are also formed over
one of the photo-sensing elements 104 to entirely cover one of
the electromagnetic-wave guiding elements 150 over the pas-
sive layer 106 and align to the one of the electromagnetic-
wave guiding elements 150, respectively. The microlenses
116 over the color patterns 110, 112, and 114 are formed over
one of the photo-sensing elements 104. In one embodiment,
the color patterns 110, 112, and 114 may comprise photosen-
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4

sitive type color resists of the same color or different colors
selected from the group consisting of red (R), green (G), blue
(B), and white (W), and may be formed by, for example, spin
coating and a photolithography process.

As shown in FIG. 1, the electromagnetic-wave guiding
elements 150 are formed with a rectangular stud-like cross
section, and may comprise any light-transmitting materials.
The refractive index (n) of the electromagnetic-wave guiding
elements 150 is greater than that of the color patterns 110,
112, and 114 adjacent thereto, and may have a difference of at
least 0.2 therebetween. In one embodiment, the refractive
index (n) of the electromagnetic-wave guiding elements 150
and the refractive index (n) of the color patterns 110, 112, and
114 have a difference of about 0.2-1.3 therebetween. In addi-
tion, the top surface of the electromagnetic-wave guiding
elements 150 may be lower than half of the height H of the
color patterns 110, 112, and 114. The electromagnetic-wave
guiding elements 150 can be formed over the passive layer
106 prior to formation of the color patterns 110,112, and 114.

Accordingly, due to the formation of the electromagnetic-
wave guiding elements 150 in the image sensing device 100,
incident light (not shown) passing through the microlens 116
will be focused toward the underlying photo-sensing ele-
ments 104 and then guided by the electromagnetic-wave
guiding element 150 formed in the color patterns 110, 112, or
114, and then be transmitted downwardly to the photo-sens-
ing elements 104, such that the focused light will not be
dispersed or refracted into the color pattern and/or the photo-
sensing element of another pixel cell adjacent thereto while
the critical size S of the pixel cells in the image sensing device
100 is further reduced. Therefore, functionality and sensitiv-
ity of the pixel cells of the image sensing device 100 can be
ensured even as the the size of the pixel cells of the image
sensing device 100 is reduced.

FIG. 2 is a schematic top view showing the image sensing
device 100 in FIG. 1, and the schematic cross section of the
image sensing device 100 in FIG. 1 is taken along line 1-1 in
FIG. 2. For simplicity, only the photo-sensing elements 104,
the color patterns 110, 112, and 114, and the electromagnetic-
wave guiding elements 150 of the image sensing device 100
are shown in FIG. 2 for discussion. As shown in FIG. 2, the
electromagnetic-wave guiding elements 150 are provided
with a rectangular configuration from a top view. In addition,
the electromagnetic-wave guiding elements 150 may have a
surface area less than that of the photo-sensing elements 104,
such that a ratio of the surface area of the electromagnetic-
wave guiding elements 150 to the surface area of the photo-
sensing elements 104 thereunder is less than 25%.

Configurations of the electromagnetic-wave guiding ele-
ments 150, however, are not limited by those shown in FIGS.
1-2, and the electromagnetic-wave guiding elements 150 may
have other configurations in other exemplary image sensing
devices.

FIG. 3 is a schematic cross section showing another exem-
plary image sensing device 100. Components in the image
sensing device 100 shown in FIG. 3 are similar to those shown
in FIG. 1, except that the electromagnetic-wave guiding ele-
ments 150 shown in FIG. 3 are formed with a semicircle-like
configuration in the cross sectional view.

In addition, FIG. 4 is a schematic top view showing the
image sensing device 100 in FIG. 3, and the schematic cross
section of the image sensing device 100 in FIG. 3 is taken
along line 3-3 in FIG. 4. For the purpose of simplicity, only
the photo-sensing elements 104, the color patterns 110, 112,
and 114, and the electromagnetic-wave guiding elements 150
of the image sensing device 100 are shown in FIG. 4 for
discussion. As shown in FIG. 4, the electromagnetic-wave
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guiding elements 150 are provided with a circular configura-
tion from the top view. In addition, the electromagnetic-wave
guiding elements 150 may have a surface area less than that of
the photo-sensing elements 104, such that a ratio of the sur-
face area of the electromagnetic-wave guiding elements 150
to the surface area of the photo-sensing elements 104 there-
under is less than 25%.

FIG. 5 is a schematic cross section showing yet another
exemplary image sensing device 100. Components in the
image sensing device 100 shown in FIG. 5 are similar to those
shown in FIG. 1, except that the electromagnetic-wave guid-
ing elements 150 shown in FIG. 5 are formed with a polygo-
nal stud-like configuration in the cross sectional view.

In addition, FIG. 6 is a schematic top view showing the
image sensing device 100 in FIG. 5, and the schematic cross
section of the image sensing device 100 in FIG. 5 is taken
along line 5-5 in FIG. 6. For the purpose of simplicity, only
the photo-sensing elements 104, the color patterns 110, 112,
and 114, and the electromagnetic-wave guiding elements 150
of the image sensing device 100 are shown in FIG. 6 for
discussion.

As shown in FIG. 6, the electromagnetic-wave guiding
elements 150 are provided with a polygonal (e.g. octagonal)
configuration from the top view. In addition, the electromag-
netic-wave guiding elements 150 may have a surface area less
than that of the photo-sensing elements 104, such that a ratio
of the surface area of the electromagnetic-wave guiding ele-
ments 150 to the surface area of the photo-sensing elements
104 thereunder is less than 25%.

FIG. 7 is a schematic; cross section showing another exem-
plary image sensing device 100. Components in the image
sensing device 100 shown in FIG. 7 are similar to those shown
in FIG. 1, except that the electromagnetic-wave guiding ele-
ments 150 shown in FIG. 7 are formed with a inverted T-like
configuration in the cross sectional view.

In addition, FIG. 8 is a schematic top view showing the
image sensing device 100 in FIG. 8, and the schematic cross
section of the image sensing device 100 in FIG. 7 is taken
along line 7-7 in FIG. 8. For simplicity, only the photo-
sensing elements 104, the color patterns 110, 112, and 114,
and the electromagnetic-wave guiding elements 150 of the
image sensing device 100 are shown in FIG. 8 for discussion.

As shown in FIG. 8, the electromagnetic-wave guiding
elements 150 are provided with a cross configuration from a
top view. In addition, the electromagnetic-wave guiding ele-
ments 150 may have a surface area less than that of the
photo-sensing elements 104, such that a ratio of the surface
area of the electromagnetic-wave guiding elements 150 to the
surface area of the photo-sensing elements 104 thereunder is
less than 25%.

Moreover, configurations of locations the electromagnetic-
wave guiding elements 150 are not limited by those shown in
FIGS. 1-8, and the electromagnetic-wave guiding elements
150 may have other configurations and locations in other
exemplary image sensing devices.

FIGS. 9,11,13, and 15 are schematic cross sectional views
showing other exemplary image sensing devices 100. Com-
ponents in the image sensing devices 100 shown in FIGS. 9,
11,13, and 15 are similar to those shown in FIGS. 1, 3, 5, and
7, respectively, except that the electromagnetic-wave guiding
elements 150 shown in FIGS. 9, 11, 13, and 15 are further
extended downwardly into the passive layer 106, and each
comes into contact with one of the underlying photo-sensing
elements 104. FIGS. 10, 12, 14 and 16 are schematic top
views showing the image sensing device 100 in FIGS. 9, 11,
13, and 15, respectively, and the schematic cross sectional
views of the image sensing device 100 in FIGS. 9,11, 13, and
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15 are taken along line 9-9 in FIG. 10, line 11-11 in FIG. 12,
line 13-13 in FIG. 14, and line 15-15 in FIG. 16, respectively.
Further, configurations of locations the electromagnetic-
wave guiding elements 150 are not limited by those shown in
FIGS. 1-8 and FIGS. 9-16, and the electromagnetic-wave
guiding elements 150 may have other configurations and
locations in other exemplary image sensing devices.

FIGS. 17, 19, 21, and 23 are schematic cross sectional
views showing other exemplary image sensing devices 100.
Components in the image sensing devices 100 shown in
FIGS. 17,19, 21, and 23 are similar to those shown in FIGS.
9, 11, 13, and 15, respectively, except that the electromag-
netic-wave guiding elements 150 shown in FIGS. 17, 19, 21,
and 23 remains in the passive layer 106, contacting the under-
lying photo-sensing elements 104, but do not extend
upwardly into the color patterns 110, 112, and 114, respec-
tively. FIGS. 18, 20, 22 and 24 are schematic top views
showing the image sensing device 100 in FIGS. 17, 19, 21,
and 23, respectively, and the schematic cross sectional views
of the image sensing device 100 in FIGS. 17, 19, 21, and 23
are taken along line 17-17 in FIG. 18, line 19-19 in FIG. 20,
line 21-21 in FIG. 22, and line 23-23 in FIG. 24, respectively.

Moreover, configurations of the image sensor devices are
not limited by those shown in FIGS. 1-8, FIGS. 9-16, and
FIGS. 17-24, and the additional components can be provided
in the image sensing devices for improving functionality and/
or sensitivity thereof.

FIG. 25 is a schematic cross sectional view showing an
exemplary image sensing device 100 with additional compo-
nents other than those shown in FIGS. 1-8, FIGS. 9-16, and
FIGS. 17-24. Components of the exemplary image sensing
device 100 are similar to that shown in FIG. 1, except that an
anti-current leakage layer 160, an anti-reflection layer 170, an
under layer 180, and an anti-reflection coating 190 are option-
ally provided in the image sensing device shown in FIG. 25.
In one embodiment, the anti-current leakage layer 160, the
anti-reflection layer 170, the under layer 180, and the anti-
reflection coating 190 can be formed with a single film or a
film stack comprising a plurality of stacked films. The anti-
current leakage layer 160, the anti-reflection layer 170, the
under layer 180, and the anti-reflection coating 190 may be
also provided in the image sensing device shown in FIGS.
3-8, FIGS. 9-16, and FIGS. 17-24 and are not illustrated here,
for the purpose of simplicity. Once the anti-current leakage
layer 160 and/or the anti-reflection layer 170 are optionally
formed between the color patterns 110, 112, and 114, and the
passive layer 160 of the exemplary image sensing devices
shown in FIGS. 9-24, the electromagnetic-wave guiding ele-
ments 150 may be also formed in a portion of the anti-current
leakage layer 160 and/or the anti-reflection layer 170. Simi-
larly, in the exemplary image sensing devices comprising the
electromagnetic-wave guiding elements 150 formed in the
optional anti-current leakage layer 160 and/or the anti-reflec-
tion layer 170, an refraction index (n) of the electromagnetic-
wave guiding elements 150 is greater than that of the optional
anti-current leakage layer 160 and/or the anti-reflection layer
170, and have a difference of at least 0.2 therebetween.

As shown in FIG. 25, the anti-current leakage layer 160
and/or the anti-reflection layer 170 may be optionally formed
between the color patterns 110, 112, and 114, and the passive
layer 160, the under layer 180 may be optionally formed
between the microlenses 116 and the color patterns 110, 112,
and 114, and the anti-reflection coating 190 may be optionally
formed over top surfaces of the microlenses 116.

FIG. 26 is a schematic top view showing an exemplary
color filter array for the image sensing device as shown in
FIGS. 1-25. As shown in FIG. 26, the color filter array may
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comprise a plurality of unit patterns 200 and 300 which are
alternately arranged and disposed along the X direction. In
one embodiment, the unit patterns 200 and 300 are shown as
a 2X2 color filter array and comprise color filters of red (R),
blue (B), and green (G) with different arrangements therein.

FIG. 27 is a schematic top view showing an exemplary
color filter array for the image sensing device as shown in
FIGS. 1-25. As shown in FIG. 27, the color filter array may
comprise a plurality of unit patterns 200 and 300 which are
alternately arranged and disposed along the X direction. In
one embodiment, the unit patterns 200 and 300 are shown as
a 2X2 color filter array and comprise color filters of red (R),
blue (B), green (G), and clear/white (W) with different
arrangements therein.

However, the image sensing device of the invention may
have a color-filter arrangement other than that shown in FIGS.
26-27, and are not limited to that shown in FIGS. 26-27.

While the invention has been described by way of example
and in terms of the preferred embodiments, it is to be under-
stood that the invention is not limited to the disclosed embodi-
ments. On the contrary, it is intended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Therefore, the scope of the appended
claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What is claimed is:

1. An image sensing device, comprising:

a semiconductor substrate with a photo-sensing element;

apassive layer disposed over the semiconductor substrate,

having a first refractive index;
acolor pattern disposed over the passive layer, wherein the
color pattern aligns to the photo-sensing element and has
a color selected from the group consisting of red (R),
green (G), blue (B), and white (W), and a second refrac-
tive index; and
an electromagnetic wave guiding element disposed in at
least one of the color pattern and the passive layer,
wherein the electromagnetic wave guiding element has a
third refractive index, and the third refractive index is
greater than the first refractive index or the second
refractive index, and a first difference between the third
refractive index and the first refractive index is at least
0.2, and a second difference between the third refractive
index and the second refractive index is at least 0.2,

wherein a top surface area of the electromagnetic wave
guiding element is substantially equal to or less than a
bottom surface area of the electromagnetic wave guiding
element.

2. The image sensing device claimed in claim 1, wherein
the first difference between the third refractive index and the
first refractive index is of about 0.2-1.3, and the second dif-
ference between the third refractive index and the second
refractive index is of about 0.2-1.3.

3. The image sensing device claimed in claim 1, wherein
the electromagnetic wave guiding element has a stud-like, a
semicircle-like, or an inverted T-like configuration from a
cross sectional view.

4. The image sensing device claimed in claim 1, wherein
the electromagnetic wave guiding element has a circular,
polygonal, or cross configuration from a top view.

5. The image sensing device claimed in claim 1, wherein
the electromagnetic wave guiding element is located over a
central portion of the at least one of the color pattern and the
passive layer, and the electromagnetic wave guiding element
has a first surface area, and the photo-sensing element under
the electromagnetic wave guiding element has a second sur-
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face area, and a ratio of the first surface area to the second
surface area is less than about 25%.

6. The image sensing device as claimed in claim 1, wherein
the electromagnetic wave guiding element has a bottom sur-
face level with a bottom surface of the color pattern.

7. The image sensing device as claimed in claim 6, wherein
the electromagnetic wave guiding element has a top surface
lower than half of a height of the color pattern.

8. The image sensing device as claimed in claim 1, wherein
the electromagnetic wave guiding element has a bottom sur-
face level with a bottom surface of the passive layer.

9. The image sensing device as claimed in claim 8, wherein
the electromagnetic wave guiding element has a top surface
lower than half of a height of the color pattern.

10. The image sensing device as claimed in claim 8,
wherein the electromagnetic wave guiding element has a top
surface level with a top surface of the passive layer.

11. The image sensing device as claimed in claim 1, further
comprising:

a microlens disposed over the color pattern; and

an anti-reflection layer disposed over the microlens.

12. The image sensing device as claimed in claim 11,
further comprising an under layer disposed between the
microlens and the color pattern, having a fourth refractive
index.

13. The image sensing device as claimed in claim 12,
wherein the electromagnetic wave guiding element is dis-
posed in a portion of the under layer, and the third refractive
index is greater than the fourth refractive index, and a third
difference between the third refractive index and the fourth
refractive index is at least 0.2.

14. The image sensing device as claimed in claim 1, further
comprising an anti-reflection layer disposed between the
color pattern and the passive layer, having a fifth refractive
index.

15. The image sensing device as claimed in claim 14,
wherein the electromagnetic wave guiding element is dis-
posed in a portion of the anti-reflection layer, and the third
refractive index is greater than the fifth refractive index, and a
fourth difference between the third refractive index and the
fifth refractive index is at least 0.2.

16. The image sensing device as claimed in claim 1, further
comprising an anti-current leakage layer disposed between
the color pattern and the passive layer, having a sixth refrac-
tive index.

17. The image sensing device as claimed in claim 16,
wherein the electromagnetic wave guiding element is dis-
posed in a portion of the anti-current leakage layer, and the
third refractive index is greater than the sixth refractive index,
and a fifth difference between the third refractive index and
the sixth refractive index is at least 0.2.

18. The image sensing device as claimed in claim 1,
wherein the electromagnetic wave guiding element com-
prises light-transmitting materials.

19. The image sensing device as claimed in claim 1,
wherein the electromagnetic wave guiding element is dis-
posed in the color pattern and further extends into the passive
layer.

20. The image sensing device as claimed in claim 1,
wherein the electromagnetic wave guiding element is dis-
posed the passive layer and further extends into the color
pattern.

21. The image sensing device as claimed in claim 1,
wherein the passive layer includes a light shielding metal
formed at a place not covering the photo-sensing element.
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